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INSTALL A COMPLIANT ASSEMBLY IN A %10
RETAINING SYSTEM TO FORM A JOURNAL |~
FOIL BEARING

INSTALL A TOP FOIL WITHIN THE JOURNAL

FOIL BEARING, THE TOP FOIL HAVNG A | ~320

PORTION POSITIONED ADJACENT THE
ROTATABLE MEMBER

INSTALL THE ROTATABLE MEMBER IN THE %350
RETAINER MEMBER WITHIN THE JOURNAL |~
FOIL BEARING

ROTATE THE ROTATABLE MEMBER TO
FORM A PRESSURIZED FLUID FILM
BETWEEN THE ROTATABLE MEMBER
AND THE COMPLIANT ASSEMBLY SUCH  |~240
THAT THE PORTION OF THE TOP FOIL THAT
IS POSITIONED TOWARDS THE ROTATABLE
MEMBER 1S URGED INTO CONTACT WITH
THE RETAINER MEMBER TO MINIMIZE
BENDING MOMENT AND STRESS IN THE
TOP FOIL DURING ROTATION OF THE
ROTATABLE MEMBER

FIG. 5



US 9,057,401 B2

1
HIGH STRENGTH FOIL JOURNAL BEARING
RETAINER

BACKGROUND OF THE INVENTION

The present invention generally relates to foil journal bear-
ings and, more particularly, to foil journal bearing retainers.

A foil journal bearing may be a fluid film hydrodynamic
bearing and may be used to support a high speed rotating
member, such as a shaft. The foil journal bearing, which may
be configured to enclose the rotating member, may include a
close-fitting, compliant, annular element such as a thin foil
encased within a stationary retaining member. Rotation of the
shaft within the retaining member may form and maintain a
pressurized fluid film between the shaft and the compliant
foil. High speed rotation of the shaft may generate a high
pressure in the fluid film and this pressurized fluid film may
support the load imposed by the shaft.

The compliant foil, such as a top foil, may be secured to the
retaining member by edge tabs, also referred to as retaining
tabs. The word “compliant” may be defined as “yielding” and
a compliant foil may be a foil that is configured to yield, for
example, to the pressurized fluid film. A resilient backing
member, such as a spring foil, may be disposed between the
top foil and the retaining member to accommodate deflec-
tions of the foil resulting from pressurization, centrifugal
forces and temperature differentials in order to maintain
adequate film layer geometry. For some applications, a sec-
ond compliant foil, such as an under foil, may be disposed
between the top foil and the spring foil.

During operation, foil journal bearings can experience high
circumferential forces when the fluid film is compromised in
an overload condition. These forces are transmitted to the top
foil retaining tab and produce a high bending moment and
subsequent stress in the top foil that can permanently distort
the tab, affect bearing performance and shorten bearing life.

As can be seen, a higher strength retaining design is needed
that will prevent loss in bearing performance and shortened
bearing life. The design must be simple to minimize manu-
facturing cost.

SUMMARY OF THE INVENTION

In one aspect of the present invention, an apparatus form-
ing a foil journal bearing comprises a retainer member having
an inner surface that defines an opening, the opening config-
ured to receive a rotatable member; a top foil trailing edge tab
slot extending into the retainer member; a top foil leading
edge tab slot extending into the retainer member; and a
backup support structure positioned between and at least
partially defined by the top foil trailing edge tab slot and the
top foil leading edge tab slot, and the backup support structure
integral to the retainer member.

In another aspect of the present invention, an apparatus
comprises a top foil having a top foil trailing edge tab and a
top foil leading edge tab; and a retaining system coupled with
the top foil and configured to at least partially enclose a
rotatable member, the retaining system having a backup sup-
port structure.

In a further aspect of the present invention, a method of
supporting a rotatable member comprises the steps of install-
ing a compliant assembly in a retaining system to form a
journal foil bearing, the retaining system including a retainer
member; installing a top foil within the journal foil bearing,
the top foil having a portion positioned adjacent the rotatable
member; installing the rotatable member in the retainer mem-
ber within the journal foil bearing; and rotating the rotatable
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member to form a pressurized fluid film between the rotatable
member and the compliant assembly such that the portion of
the top foil that is positioned adjacent the rotatable member is
urged into contact with the retainer member to minimize
bending moment and stress in the top foil during rotation of
the rotatable member especially when the fluid film is com-
promised in overload conditions.

These and other features, aspects and advantages of the
present invention will become better understood with refer-
ence to the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a cross sectional view of a portion of a foil journal
bearing according to one embodiment of the present inven-
tion;

FIG. 2 is a cross sectional view of a portion of a foil journal
bearing according to another embodiment of the present
invention; and

FIG. 3 is a flow chart of a method of supporting a rotatable
member according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description is of the best currently
contemplated modes of carrying out exemplary embodiments
of the invention. The description is not to be taken in a limit-
ing sense, but is made merely for the purpose of illustrating
the general principles of the invention, since the scope of the
invention is best defined by the appended claims.

Various inventive features are described below that can
each be used independently of one another or in combination
with other features.

Broadly, embodiments of the present invention provide
high strength foil journal bearing retainers. Embodiments of
the present invention may find beneficial use in industries
such as aerospace. Embodiments of the present invention may
be useful in applications including auxiliary power units
(APU) and air cycle machines (ACM). Embodiments of the
present invention may be useful in any foil bearing applica-
tion including, but not limited to, cryogenic turbo-rotors,
turbochargers, air conditioning machines, gas turbine
engines, motor driven compressors, fans, blowers, turboalter-
nators, and turbogenerators.

A journal foil bearing 130, according to an embodiment of
the present invention, is shown in FIG. 1. The journal foil
bearing 230, according to another embodiment of the present
invention, is shown in FIG. 2. Referring to FIGS. 1 and 2, the
journal foil bearing 130, 230 may be configured to support a
rotatable member 132, 232 such as a shaft. The journal foil
bearing 130, 230 may include a retaining system 134, 234 and
a compliant assembly 136, 236.

Theretaining system 134, 234 may include a retainer mem-
ber 138, 238, an opening 140, 240, a top foil trailing edge tab
slot 142, 242, a top foil leading edge tab slot 144, 244 and a
backup support structure 146, 246. The terms “leading” and
“trailing” may be defined with reference to the direction of
rotation of the rotatable member 132, 232. For example, in
FIGS. 1 and 2, if the rotatable member 132, 232 rotates
counterclockwise the trailing edge tab slot 142, 242 may have
aportion to extend towards the right side of the figure and the
top foil leading edge tab slot 144, 244 may have a portion to
extend towards the left side of the figure. The compliant
assembly 136, 236 may include a top foil 148, 248 having a
top foil trailing edge tab 150, 250 and a top foil leading edge
tab 152, 252. The compliant assembly 136, 236 also may
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include a spring foil (not shown) disposed between the top
foil 148, 248 and the retainer member 138, 238 to accommo-
date deflections of the top foil 148, 248. For some embodi-
ments, the compliant assembly 136, 236 also may include an
under foil (not shown) disposed between the top foil 148, 248
and the spring foil for additional support.

The retainer member 138, 238 may comprise a base struc-
ture having an inner surface 156, 256 that may define the
opening 140, 240. For some embodiments, the retainer mem-
ber 138, 238 may comprise metal. The opening 140, 240 may
extend through the retainer member 138, 238 and may be
configured to receive and to at least partially enclose the
rotatable member 132, 232. For some embodiments, the
opening 140, 240 may be cylindrical.

The top foil trailing edge tab slot 142, 242 may comprise a
slot extending outward from the opening 140, 240 and into the
retainer member 138, 238. For some embodiments, the top
foil trailing edge tab slot 142, 242 may be formed by electrical
discharge machining (EDM), extrusion, casting, or broach-
ing.

The top foil trailing edge tab slot 142, 242 may be config-
ured to receive the top foil trailing edge tab 150, 250. The
dimensions of the top foil trailing edge tab slot 142, 242 may
vary and may depend on the dimensions of the top foil trailing
edge tab 150, 250 and on the application. For some embodi-
ments, the top foil trailing edge tab slot 142, 242 may have a
trailing slot depth 160, 260, as measured outward from the
opening 140, 240 and through the trailing edge tab slot 142,
242, of between about 0.02 inch and about 0.5 inch. For some
embodiments wherein the opening 140, 240 is cylindrical, the
trailing slot depth 160, 260 may be less than about 25% of the
diameter of the opening 140, 240. For some embodiments, the
top foil trailing edge tab slot 142, 242 may have a trailing slot
width 162, 262, as measured perpendicular to the trailing slot
depth 160, 260, of between about 0.005 inch and about 0.5
inch.

The retaining system 134, 234 may include at least one top
foil trailing edge tab slot 142, 242. For some embodiments,
the retaining system 134, 234 may include a plurality of top
foil trailing edge tab slots 142, 242. For example, when the
top foil 148, 248 is a segmented top foil comprising three foil
segments, each foil segment subtending a circumferential
segment of the inner surface 156, 256 and including a top foil
trailing edge tab 150, 250, the retaining system 134, 234 may
include three top foil trailing edge tab slots 142, 242.

The top foil 148, 248 may include any number of foil
segments and the retaining system 134, 234 may include any
number of top foil trailing edge tab slots 142, 242. The top foil
148, 248 may be a segmented top foil and may comprise a
plurality of foil segments, each foil segment subtending a
circumferential segment of the inner surface 156, 256 and
including a top foil trailing edge tab 150, 250.

The top foil leading edge tab slot 144, 244 may include a
slot extending outward from the opening 140, 240 and into the
retainer member 138, 238. For some embodiments, the top
foil leading edge tab slot 144, 244 may be formed by EDM or
by extrusion casting, or broaching processes.

The top foil leading edge tab slot 144, 244 may be config-
ured to receive the top foil leading edge tab 152, 252. The
dimensions of the top foil leading edge tab slot 144, 244 may
vary and may depend on the dimensions of the top foil leading
edge tab 152, 252 and on the application. For some embodi-
ments, the top foil leading edge tab slot 144, 244 may have a
leading slot depth 164, 264, as measured outward from the
opening 140, 240 and through the leading edge tab slot 144,
244, of between about 0.02 inch and about 0.5 inch. For some
embodiments, the leading slot depth 164, 264 may be less
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than about 25% of the diameter of the opening 140, 240. For
some embodiments, the top foil leading edge tab slot 144, 244
may have a leading slot width 166, 266, as measured perpen-
dicular to the leading slot depth 164, 264, of between about
0.005 inch and about 0.5 inch.

The retaining system 134, 234 may include at least one top
foil leading edge tab slot 144, 244. For some embodiments,
the retaining system 134, 234 may include a plurality of top
foil leading edge tab slots 144, 244. For example, when the
top foil 148, 248 is a segmented top foil comprising three foil
segments, each foil segment subtending a circumferential
segment of the inner surface 156, 256 and including a top foil
leading edge tab 152, 252, the retaining system 134, 234 may
include three top foil leading edge tab slots 144, 244.

The top foil 148, 248 may include any number of foil
segments and the retaining system 134, 234 may include any
number of top foil leading edge tab slots 144, 244. The top foil
148, 248 may be a segmented top foil and may comprise a
plurality of foil segments, each foil segment subtending a
circumferential segment of the inner surface 156, 256 and
including a top foil leading edge tab 152, 252.

For mistake proof installation, the leading slot depth 164,
264 may be greater than or less than the trailing slot depth
160, 260, as better seen in FIG. 2. In other words, the leading
edge tab slot 144, 244 and the trailing edge tab slot 142, 242
may have depths of unequal magnitude. For some applica-
tions, the top foil leading edge tab slot 144 may be canted, as
shown in FIG. 1, to reduce installation errors.

For some embodiments, the leading slot width 166, 266
may be greater than the trailing slot width 162, 262 to prevent
or reduce contact between the top foil leading edge tab 152,
252 and the retainer member 138, 238. For some applications,
the leading slot width 166, 266 may be less than the trailing
slot width 162, 262.

For some embodiments, a distance 180, 280 between the
leading edge tab slot 144, 244 and the trailing edge tab slot
142, 242, as measured along the inner surface 156, 256, may
be less than about 0.5 inch. For some embodiments, the dis-
tance 180, 280 between the leading edge tab slot 144,244 and
the trailing edge tab slot 142, 242 may be between about
0.005 inch and about 0.5 inch. For some embodiments, the
distance 180, 280 between the leading edge tab slot 144, 244
and the trailing edge tab slot 142, 242 may be less than about
0.005 inch.

The backup support structure 146, 246 may be integral to
the retainer member 138, 238. The backup support structure
146, 246 may be at least partially defined by the top foil
trailing edge tab slot 142, 242 and the top foil leading edge tab
slot 144, 244. The backup support structure 146, 246 may
extend circumferentially between the top foil trailing edge tab
slot 142, 242 and the top foil leading edge tab slot 144, 244.

During operation, the backup support structure 146, 246
may increase bearing strength by reducing bending stress of
the top foil 148, 248. Rotation of the rotatable member 132,
232 may produce a friction force 170, 270 that may urge the
top foil 148, 248 circumferentially in the direction of rotation.
During operation, the top foil trailing edge tab 150, 252 may
be urged toward the backup support structure 146, 246 and a
portion 172,272 of the top foil trailing edge tab 150, 252 that
is positioned adjacent the rotatable member 132, 232 may be
urged into contact with the backup support structure 146, 246,
as shown in FIGS. 1 and 2. Contact between the backup
support structure 146, 246 and the portion 172, 272 of the top
foil trailing edge tab 150, 250 that is positioned adjacent the
rotatable member 132, 232 may provide a reaction force 174,
274 at a position close to the friction force 170, 270. The top
foil trailing edge tab 150, 250 may be configured to be urged
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toward the backup support structure 146, 246 such that the
portion 172, 272 that is positioned adjacent the rotatable
member 132, 232 is urged into contact with the backup sup-
port structure 146, 246 during operation (e.g. rotation of the
rotatable member 132, 232), thereby minimizing bending
moment and metal stress in the top foil 148, 248.

The compliant assembly 136, 236, which may comprise
thin sheet metal, may be disposed radially outward from the
rotatable member 132, 232 and may be configured to be in
operational communication with a pressurized fiuid film (not
shown). For some embodiments, the fluid film may comprise
air. The fluid film may comprise any viscous fluid. For
example, the fluid film may comprise fluids, such as but not
limited to, liquid or gaseous hydrogen, oxygen, and refriger-
ants.

The compliant assembly 136, 236 may be coupled to the
retainer member 138, 238. The top foil trailing edge tab 150,
250 may be configured to be installed in the top foil trailing
edge tab slot 142, 242. The top foil leading edge tab 152, 252
may be configured to be installed in the top foil leading edge
tab slot 144, 244.

For some embodiments including the spring foil, the lead-
ing edge and/or the trailing edge of the spring foil 154, 254
may be coupled to the retainer member 138, 238. For some
embodiments including the under foil, the leading edge and/
or the trailing edge of the spring foil 154, 254 may be coupled
to the retainer member 138, 238.

Referring to FIG. 3, a method 300 of supporting a rotatable
member 132, 232 according to one embodiment of the present
invention is shown. The method 300 may include a step 310 of
installing a compliant assembly 136, 236 in a retaining sys-
tem 134, 234 to form a journal foil bearing 130, 230, the
retaining system 134, 234 including a retainer member 138,
238; a step 320 of installing a top foil 148, 248 within the
journal foil bearing 130, 230, the top foil 148, 248 having a
portion 172, 272 positioned adjacent the rotatable member
132, 232; a step 330 of installing the rotatable member 132,
232 in the journal foil bearing 130, 230; and a step 340 of
rotating the rotatable member 132, 232 to form a pressurized
fluid film between the rotatable member 132, 232 and the
compliant assembly 136, 236 such that the portion 172,272 of
top foil 148, 248 that is positioned adjacent the rotatable
member 132, 232 is urged into contact with the retainer mem-
ber 138, 238 to minimize bending moment and stress in the
top foil 148, 248 during rotation of the rotatable member 132,
232 with or without the pressurized fluid film.

The step 310 of installing the compliant assembly 136,236
in the retaining system 134 234 to form the journal foil bear-
ing 130, 230 may comprise positioning a top foil trailing edge
tab 150, 250 of the compliant assembly 136, 236 in a top foil
trailing edge tab slot 142, 242 of the retaining system 134, 234
and positioning a top foil leading edge tab 152, 252 of the
compliant assembly 136, 236 in a top foil leading edge tab
slot 144, 244 of the retaining system 134, 234 such that a
backup support structure 146, 246 of the retaining system
134, 234 is positioned between the top foil trailing edge tab
150, 250 and the top foil leading edge tab 152, 252.

The step 330 of installing the rotatable member 132, 232 in
the retainer member 138, 238 within the journal foil bearing
130, 230 may comprise positioning the rotatable member
132, 232 radially inward from the compliant assembly 136,
236. For some applications, the step 330 of installing the
rotatable member 132, 232 in the journal foil bearing 130, 230
may comprise positioning a shaft of an auxiliary power unitin
the journal foil bearing 130, 230. For some applications, the
step 330 of installing the rotatable member 132, 232 in the
journal foil bearing 130, 230 may comprise positioning a
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6

shaft of an air cycle machine in the journal foil bearing 130,
230. For some applications, the step 330 of installing the
rotatable member 132, 232 in the journal foil bearing 130, 230
may comprise positioning a shaft of an auxiliary power unit,
an air cycle machine, a turbocompressor, a motor driven
compressor, a fan, a blower, a turbogenerator, or a turboalter-
nator in the journal foil bearing 130, 230.

The step 340 of rotating the rotatable member 132, 232 to
form a pressurized fluid film between the rotatable member
132, 232 and the compliant assembly 136, 236 may comprise
rotating the rotatable member 132, 232. The step 340 of
rotating the rotatable member 132, 232 to form a pressurized
fluid film between the rotatable member 132, 232 and the
compliant assembly 136, 236 may include contacting the
rotatable member 132, 232 under overload condition result-
ing in the compliant assembly 136, 236 contacting the trailing
edge tab 150, 250 to the backup support structure 146, 246 at
a position close to the friction force produced during opera-
tion, thereby minimizing top foil bending stress and improv-
ing bearing strength.

As can be appreciated by those skilled in the art, embodi-
ments of the present invention can reduce the bending
moment and metal stress in the top foil 148, 248 by incorpo-
rating the backup support structure 146, 246 close to the
circumferential force vector.

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the invention and that
modifications may be made without departing from the spirit
and scope of the invention as set forth in the following claims.

We claim:

1. An apparatus forming a foil journal bearing comprising:

a retainer member having an inner surface that defines an
opening, said opening configured to receive a rotatable
member;

a top foil trailing edge tab slot extending into said retainer
member;

a top foil leading edge tab slot extending into said retainer
member;

a top foil having a trailing edge tab and a leading edge tab;

wherein the trailing edge tab is disposed in the trailing edge
tab slot;

wherein the leading edge tab is disposed in the leading edge
tab slot;

a backup support structure positioned between and at least
partially defined by said top foil trailing edge tab slot and
said top foil leading edge tab slot, and said backup
support structure integral to said retainer member;

whereupon, in the absence of rotation of the rotatable
member, the trailing edge tab is not in contact with the
backup support;

whereupon, during rotation of the rotatable member, the
trailing edge tab is urged into contact with the backup
support.

2. The apparatus of claim 1, wherein said top foil leading

edge tab slot is canted.

3. The apparatus of claim 1, wherein said leading edge tab
slot and said trailing edge tab slot have depths of unequal
magnitude.

4. The apparatus of claim 1, wherein a distance between
said leading edge tab slot and said trailing edge tab slot is less
than about 0.5 inches.

5. The apparatus of claim 1, wherein said top foil leading
edge tab slot has a leading slot width, said top foil trailing
edge tab slot has a trailing slot width, and said leading slot
width is greater than said trailing slot width.

6. The apparatus of claim 1, wherein said retainer member
forms the opening in a cylindrical shape and said top foil
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trailing edge tab slot has a trailing slot depth ofless than about
25% of the diameter of said opening.

7. The apparatus of claim 1, wherein said backup support
structure extends circumferentially between said top foil
trailing edge tab slot and said top foil leading edge tab slot.

8. An apparatus comprising:

a top foil having a first segment and a second segment;

wherein the first segment includes a top foil trailing edge
tab;

wherein the trailing edge tab includes a trailing edge tab
distal end and a trailing edge tab opposite end;

wherein the second segment includes a top foil leading
edge tab;

a retaining system coupled with said top foil and config-
ured to at least partially enclose a rotatable member, said
retaining system having a backup support structure, a
trailing edge tab slot, and a leading edge tab slot;

wherein the trailing edge tab is disposed in the trailing edge
tab slot;

10

wherein the leading edge tab is disposed in the leading edge 20

tab slot;

whereupon a friction force to the first segment urges only
the trailing edge tab opposite end into contact with the
backup support structure.

9. The apparatus of claim 8, further including a spring foil »s

coupled to said retaining system.
10. A method of supporting a rotatable member comprising
the steps of:

8

installing a compliant assembly in a retaining system to
form a journal foil bearing, said retaining system includ-
ing a retainer member;

installing a top foil within said journal foil bearing, the top

foil having a portion positioned adjacent the rotatable
member;

wherein the portion includes a tab having a distal end and

an opposite end;

installing the rotatable member in said retainer member

within said journal foil bearing; and

rotating said rotatable member to form a pressurized fluid

film between said rotatable member and said compliant
assembly such that only the opposite end of the tab of the
top foil that is positioned adjacent the rotatable member
is urged into contact with the retainer member to mini-
mize bending moment and stress in the top foil during
rotation of the rotatable member.

11. The method of claim 10, further comprising forming a
pressurized air film between said rotatable member and said
compliant assembly upon rotating said rotatable member.

12. The method of claim 10, wherein said step of installing
the rotatable member in the journal foil bearing comprises
positioning a shaft of an auxiliary power unit, an air cycle
machine, a turbocompressor, a motor driven compressor, a
fan, a blower, a turbogenerator, or a turboalternator in said
journal foil bearing.



